Vero cells were persistently infected with canine distemper virus by continuous undiluted passage of virus harvests. The cells were refractory to superinfection by both measles virus and canine distemper virus. These persistently infected cells produced and released into the medium a labile component which had a potent and selective inhibitory effect on the replication of canine distemper and measles virus. The inhibitory agent was not inactivated by u.v.-irradiation or sedimented by ultracentrifugation. Antisera against canine distemper virus or SSPE sera were able to block this inhibitory effect. We propose that these persistently infected cells produce an excess of a virus-induced regulatory protein.
INTRODUCTION
Understanding the mechanisms of establishment and maintenance of paramyxovirus persistency in vivo has become a crucial issue in the analysis of certain central nervous system (CNS) diseases, it has been shown that viruses such as canine distemper, measles or parainfluenza viruses are associated with diseases characterized as slow infections (Fuccillo, Kurent & Sever, I974) . In SSPE (ter Meulen et al. 1972) and also in old dog encephalitis (Lincoln et al. I97I ) the first contact with these viruses results in an acute virus infection.
Months or years later a second clinically unrelated disease develops located at a different organ but associated with the same virus. The presence of virus in the CNS in connection with a long incubation period suggests virus persistency starting at the time of the acute illness. So far, experimental data are not available which would explain virus latency in the central nervous system and the mechanisms triggering the CNS disease.
From a virological point of view, the virus-host relationship seems to be one of the important factors in the pathogenicity of these diseases. Therefore, studies were carried out in tissue culture to analyse the genesis and maintenance of a persistent infection. In this paper we report on the establishment of persistently infected Vero cells with canine distemper virus (CDV) and we find that these cells produce a component which is capable of inhibiting the growth of homologous and the closely related measles virus.
54-cell Limbro-plate. Each well received 1"5 ml containing 5 × Io5 Vero cells and monolayers were allowed to form for 24 h at 37 °C in a CO2 incubator. Medium was removed and the cells infected with virus at a multiplicity of infection of 4 p.f.u./cell in an inoculum of 0-2 ml. After a 30 min absorption period at 37 °C, I'5 ml of Eagle's medium supplemented with 2 % foetal calf serum was added. To test the inhibitory, activity of medium from persistently infected cells, io5 ml of the used medium was added to the coverslips at different times before or after infection as described in the Results. Twenty-four hours after infection coverslips were harvested, washed three times in PBS air-dried and fixed in acetone for lO min at room temperature and stored at -20 °C.
To localize CDV antigen in the cells the indirect immunofluorescent test was applied as previously described by ter Meulen et aL (I972) . Sera from SSPE patients and a hyperimmune serum prepared in rabbits against CDV were used. The number of cells showing virus antigen were counted and used as an indication of virus replication.
Ultracentrifugation. Medium from tissue cultures infected with lytic CDV or persistently infected with CDV were ultracentrifuged at 8oooog or IOOOOOg for 2 h at 4 °C in a Beckman centrifuge type L3.
Ultraviolet irradiation. Medium from lytically and persistently infected Vero cells was exposed to u.v.-irradiation for various times under conditions where lytic CDV virus was inactivated completely.
Materials. Isothiocyanate labelled anti-human IgG from rabbits was purchased from
Behring-Werke, Marburg, BRD.
RESULTS

Establishment of persisentIy infected cells
Veto cells were exposed to Io ml of undiluted canine distemper stock virus representing an input multiplicity of approx, one. Within 24 to 36 h the cell monolayers were completely destroyed as a result of the developing c.p.e. The infected cells and supernatant fluid were harvested and IO ml of the cell suspension transferred to uninfected Vero cells, representing the first undiluted passage. Samples of the harvest were stored at -70 °C for virus titration. This scheme of infection was continued for IO passages. Table I shows that during the first four passages the Vero cell monolayers were extensively destroyed although the yield of infectious virus decreased by over 99 %. In the fifth passage, although there was extensive c.p.e, during the early stages of establishment, this did not lead to a lyric infection and the large majority of the cell monolayer remained firmly attached to the glass surface even after * The figures indicate the time in h after infection at which the medium or cells were harvested. The letter (D) indicates that the cell monolayer was entirely destroyed and the large majority of the cells were readily dispersed into the medium. The letter (M) indicates that the medium was changed and that the large majority of the cells could not be removed from the glass surface by shaking the bottle.
t Not done.
vigorous shaking and the sheet soon developed into a persistently infected cell line. In contrast, in the sixth passage the monolayer was shed off the glass surface in a manner similar to a lyric infection. A similar alternating pattern was observed for a number of passages and in all, four persistently infected cultures were generated during this period. The total virus yield from each passage can also be seen in Table I . There was a considerable decline of infectious virus production during the first six passages. In passages 6 to IO minor fluctuations in the titre of the virus produced were observed.
Characteristics of persistently infected cells
The persistently infected cells which were produced by virus harvests from passages 4, 6, 8 and I o were not morphologically different from uninfected Veto cells. Cytopathic changes were not detected and the growth pattern of these infected cells, judged by the development of monolayers and the requirements for feeding and splitting, were similar to Vero cells. Analysis of the infected cells by immunofluorescence using the indirect staining technique revealed that I to 5o % of the cells were synthesizing virus antigens. The virus antigens were located only in the cytoplasm and were of granular appearance. The number of cells showing positive membrane fluorescence in the presence of anti-CDV antibodies were of the same order as those revealing intracellular fluorescence.
Further characterization and studies of the persistently infected cell lines were carried out for convenience on the cell line derived from passage 4, designated CDV-4. The experiments reported in this paper were carried out between subcultures Io to 39 of CDV-4. During this period the degree of antigenicity in the cells remained constant. This cell line has been maintained up to date for 58 continuous passages under similar conditions. During this time only one period of crisis occurred at passage 45-A typical paramyxovirus c.p.e. developed characterized by giant cell formation and cell death. Within 2 to 5 days the majority of cells were destroyed but the remainder recovered, grew and continued to be persistently infected. During this crisis, which could not be explained, 95 to 98 % of the cells showed virus-specific intracellular and membrane fluorescence. The virus yield increased to titres equivalent to a typical infection. + + + + + 6-6-VSV 6-6-6-6-6-6-6-6-CDV + -MV + -CDV on Vero cells 6-+ + 6-6-6-6-MV on Vero cells 6-6-6-6-6-6-6-* + + + + indicates complete destruction of cell monolayer; +, indicates small regions of c.p.e. ; -, no c.p.e.
Superinfection of CDV-4 with homologous, related or unrelated viruses gave the following results. As summarized in Table 2 , superinfection with poliomyelitis, herpes simplex virus or VSV completely destroyed CDV-4 cells as well as the Vero cells within 48 h. However, superinfection with canine distemper virus or measles virus resulted after 24 h in the development of focal c.p.e, which subsided completely at 48 h post-infection (p.i.). These experiments show that CDV-4 cells are resistant to superinfection with homologous or closely related viruses.
Effect of medium changes on persistently infected cells
It has been observed by many laboratories that medium changes on tissue culture cells infected with measles or canine distemper virus during virus replication will increase the yield of infectious virus. Whether the same effect takes place on persistently infected cells has not been observed. Therefore, daily changes of medium were carried out on the CDV-4 ceils using the production of virus antigens as well as infectious virus as an indication of replication changes. Fig. I shows that after two medium changes the number of cells showing positive fluorescence in the presence of anti-CDV antibodies dramatically increased from I ~o to IO0 ~o after 3 days. Thereafter, no further immunoftuorescent changes were observed independent of medium changes. The fluorescent foci were of brilliant intensity, of granular appearance and covered the entire cytoplasm of each cell. The nuclei were unstained and each cell showed a positive membrane fluorescence with anti-CDV antibodies.
The amount of infectious virus produced by CDV-4 cells during a period of IO days after splitting remained fairly constant at about 2"5 x io ~ p.f.u./ml (Fig. 2) . After two medium changes an increase of infectious virus production was noted reaching its maximum at 6 days after subculture, corresponding to 4 days after the last medium change. This result and those described in Fig. I show that the increase in virus antigen synthesis precedes the production of infectious virus. It is of interest that neither c.p.e, developed nor signs recognizable as an increase in cell death were observed. Moreover, while the virus titre after day 6 was decreasing, the number of cells revealing virus antigen was stable.
Effect of supernatant fluid from persistently infected cells on virus growth
The results of the medium changes on CDV-4 cells led us to study the properties of the supernatant fluid from persistently infected cells. It was of particular interest to find out if the used medium had an effect on virus replication in a heterologous or homologous system. Vero cells were infected at a multiplicity of infection of four with different virus preparations in the presence of the supernatant fluid from CDV-4 cells. As summarized in Table 3 , the destruction of the infected Vero cells by polio, herpes simplex virus or VSV was not influenced by the addition of medium from CDV-4 cells. However, canine distemper virus or measles virus replication is completely inhibited by CDV-4 supernatant fluid in contrast to the addition of medium used by Veto cells. At 24 h p.i. no c.p.e, was visible and immunofluorescent staining of these cells did not reveal any virus antigens. At 48 h after infection c.p.e, developed and virus antigens were demonstrated, although the rate of development was slower than in untreated cells. However, repeated renewal of the used medium from CDV-4 cells continued to suppress antigen production in the lytically infected cultures.
In preliminary experiments to attempt to locate the site of this inhibitory action we have exposed Vero cells to the medium from CDV-4 cells for a period of either I h prior to infection or up to 2 h p.i. In both cases the inhibitory effect appeared to be the same. Hence the inhibition of virus replication does not take place at the absorption stage but represents an intracellular phenomenon.
We have also noted that regardless of the time of harvest of the medium after splitting of CDV-4 cells the inhibitory effect was always present, although we have not yet studied this in a quantitative manner. 
Effect of ultracentrifugation and u.v.-light radiation on the inhibitory agent in the medium from CD V-4 cells
In order to characterize the nature of the inhibitory agent, experiments were carried out to determine whether the activity is associated with defective virus particles. Medium used by CDV-4 cells was centrifuged for 2 h at 8oooo or iooooo g. After centrifugation the supernatant fluids were removed and the pellets resuspended in complete medium equivalent to the original volume. As a control, canine distemper virus was used which had been 2) tooooog for z h at 4 °C and the pellets resuspended in the same vol. of Eagle's medium as the original sample. Monolayers of Veto ceils on coverslips were infected with CDV at a multiplicity of 4 p.f.u./cell and after I h were treated with the test solutions for 24 h. In both experiments the results shown were obtained.
I" Not tested. derived from a lytic infection in Vero cells. This preparation was submitted to the same centrifugation procedure. Both supernatant fluids and pellets were tested for the presence of the inhibitory agent. Table 4 summarizes the data from two experiments showing that the supernatant fluid from both virus preparations contained inhibitory activity whereas the pellet did not inhibit virus replication. The superuatant fluid from CDV-4 cells had a considerably higher activity than the supernatant fluid from the lyric virus preparation. However, no inhibitory activity was detectable in the pellet preparation of Vero or CDV-4 cells. The pellet from the lytic virus preparation could not be included in this test system since it contained concentrated infectious virus.
The effects of u.v.-irradiation on the medium from CDV-4 cells and infectious canine distemper virus are shown in Fig. 3 . Exposure for 5 min to u.v.-irradiation inactivated completely the infectious CDV. However, the u.v. light did not affect the inhibitory activity of the medium from CDV-4 cells. No loss of activity was observed over a period of 25 rain irradiation.
Effect of antiviral antibodies on the inhibitory agent
Serum from a patient suffering from SSPE was added to the supernatant fluid from CDV-4 cells. The level of antibody in the mixture was adjusted to a concentration sufficient to neutralize io ~ p.f.u, of canine distemper virus. This concentration was chosen since it does not inhibit the development of c.p.e, induced by the lytic infection of canine distemper virus, when the antibodies were added to the infected monolayer I h p.i. The experiments were carried out as follows: medium from CDV-4 cells was mixed with antiserum. This mixture as well as untreated medium was incubated for I h at 37 °C in a water bath. One hour after infection of Vero cells with lytic CDV the treated and untreated samples of medium were added to the infected cultures. Table 5 shows that the untreated supernatant fluid inhibited completely the development of c.p.e, and the synthesis of virus antigens in comparison to the control cultures. However, addition of antiviral antibodies neutralized the inhibitory activity.
DISCUSSION
Persistent infections with canine distemper virus in Vero ceils were established by undiluted passage of virus harvested from a lytic infection. One of the persistently infected cell lines (CDV-4) has been maintained in culture for 55 passages and the distribution of virus antigens in these cells resembled that of persistently infected ceils produced by other viruses such as measles (Rustigian, 1966) , NDV (Rodriguez & Henle, 1965) , mumps (Walker & Hinze, I962) or rabies (Fernandes, Wiktor & Koprowski, I964) . In these cultures a large majority of cells showed the presence of antigen by immunofluorescence; however, the percentage of cells exhibiting virus antigens underwent cyclic variation. This has been, for example, well studied in rabies-BHK 21 cells where the percentage of cells revealing positive immunofluorescence varied between 5 and ioo % (Wiktor & Clark, I972 ). The cyclic change in positive immunofluorescence seems to be a characteristic which many persistently infected cells exhibit. The production of infectious virus by CDV-4 cells is also a common feature observed in many other systems of virus persistency.
These observations suggest that a virus-specific factor is responsible for persistency in CDV-4 cells. In general two mechanisms have been suggested that may be involved in the genesis of persistent infection, namely defective interfering particles (DI); Huang & Baltimore, I97o) and temperature-sensitive (ts) mutants of viruses (Preble & Youngner, I975) . DI particles have been found in many virus preparations which establish persistency or in medium of persistently infected cells including measles virus (Hall, Martin & Gould, i974) . In VSV persistently infected BHK 2I cells the DI particles have been shown to be essential for maintaining persistency (Holland & Villarreal, 1794) . These cultures were immune to the superinfection by homologous virus and supported the growth of heterologous viruses as it has been shown in this paper with CDV-4 cells.
We have shown that the medium from CDV-4 cells possesses strong inhibitory activity against the replication of lyric CDV. Vero cells infected with a multiplicity of CDV which normally destroys the monolayer within 24 h are completely protected by the supernatant fluid of CDV-4 cells for this period. The infected cells did not show any c.p.e, nor virus antigens, in contrast to the control cells, although after 24 h there was a slow development of c.p.e, unless fresh supernatant fluid from CDV-4 cells was added to the infected cultures. These results suggest that the inhibitory agent is labile. The effect was not associated with virus DI particles present in the used medium as u.v.-irradiation did not remove the inhibitory activity. Also, the inhibitory agent cannot be sedimented under conditions which pellet virus particles. These properties suggest that the inhibitory activity cannot be directly due to the presence of DI particles which may be released from the persistent ceils. Also the finding that the inhibitory agent appears to be specific for homologous virus, such as CDV and measles virus, indicates that the inhibition is not caused by interferon. Finally, as the effect can be neutralized by antibodies of homologous or closely related viruses, it is probable that the component is a virus-induced protein, produced in greater quantity during persistent than during lytic infections.
The information we have at present cannot allow us to predict the site of action of the agent; however, it would appear to be intracellular rather than at the site of absorption since addition of medium from CDV-4 cells I h p.i. still inhibits virus replication. Also, it would seem that this agent plays a major role in the maintenance of virus persistency in CDV-4 ceils since frequent changes of the medium led to increased production of virus antigens as well as infectious virus.
We therefore propose that the regulation of persistence in this cell line may be due to the presence of an excess amount of an inhibitory agent. We suggest that the intracellular concentration of this is critical for the maintenance of a stable persistent state and lowering the concentration can induce the development of c.p.e. Such a situation is not without precedent. Firstly, it is well known that changing medium during the growth of measles virus can lead to a higher yield of infectious virus. Secondly, there are a number of reports that indicate a similar effect. In 296o Lockart found that heat-inactivated Western equine encephalitis (WEE) virus could induce a refractory state in cells superinfected with the lytic virus. Also, Cole & Hetrich (2965) reported that with a mumps persistently infected cell line there was the onset of a lytic degeneration after a change from growth medium to maintenance medium. Finally, we feel that the stable state of persistence may be maintained by the over production of a regulatory protein or proteins by the persistent ceils. This could be the result of the active participation of sub-genomic material derived from DI particles in protein synthesis. In other words the presence of specific DI particles would effect an amplification of specific virus genes in infected cells leading to the over production of certain regulator proteins which may result in the maintenance of a persistent state.
In this paper we have reported on the existence of an inhibitory substance produced by cells persistently infected with CDV and characterized some of its biological properties. Work is currently in progress to study its structural and biochemical properties and its mode of action.
